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A new species of Chroomonas Hansgirg, Chroomonas africana 
sp. nov., isolated from a tidal pool in the Yzerfontein region of 
the Cape Province is described. This taxon can be delimited from 
similar eyespot-containing cryptomonad species on the basis of 
its periplast and flagellar characters. Under culture conditions it 
occurs in irregular clusters of non-motile cells embedded in 
mucilage. Motile cells can be induced by changing the salinity of 
the media and subjecting the cultures to darkness for 24-48 
hours. A comparison of the ultrastructure of the motile and non-
motile cells shows differences in the form of the mitochondrion, 
the length of the vestibular region (i.e. depression-furrow-gullet 
system) and the position of flagellar insertion in the cells. The 
structure of the contractile vacuole, pyrenoid and eyespot 
depend on the culture conditions and show considerable 
variation. This study not only emphasizes the need to compare 
exponentially growing cultures of different taxa that are grown 
under identical culture conditions but also stresses the importance 
of comparing the ultrastructure of motile cells. 
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'n Nuwe spesie van Chroomonas Hansgirg, Chroomonas 
africana sp. nov., wat vanuit 'n gety-poel in die Yzerfontein 
streek van die Kaapprovinsie ge·isoleer is, word beskryf. Hierdie 
takson kan van soortgelyke kriptomonade-tipe spesies met 'n 
oogvlek, op grond van die periplast en flagell eienskappe 
afgegrens word . Onder kultuurtoestande kom die selle as 
onreelmatig gerangskikte nie-bewegende groepe selle voor wat 
in slym gebed is. Bewegende selle kan ge"induseer word deur die 
soutgehalte van die medium te verander en die kultuur 24-28 
uur lank in die donker te hou . 'n Vergelyking van die ultrastruktuur 
van die bewegende en nie-bewegende selle wys op verskille in 
die vorm van die mitochondrion, die lengte van die vestibulere 
streek (m.a.w. die ingeduikte groef en put) en die posisie van die 
flagelluminplanting . Die struktuur van die kloppende vakuool, 
pireno"ied en oogvlek hang af van die kultuur-toestande en toon 
wye morfologiese variasie. Hierdie studie beklemtoon die 
noodsaaklikheid daarvan om 'n vergelyking van verskillende 
taksons op eksponensieel groeiende kulture te baseer wat onder 
identiese toestande gekweek is en om vera I te let op verskille in 
die ultrastruktuur van beweeglike selle. 
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Introduction 
The morphological variation in clonal populations of the 
Cryptophyceae viewed with the light microscope is well 
known (Butcher 1967). This polymorphism, in combination 
with the small size of these organisms and the limited range 
of morphology within the class, has led to difficulty es-
tablishing natural groupings using light microscope features. 
Current workers are hopeful that ultrastructural features 
may aid in solving taxonomic problems that exist within the 
group. Much of the recent work on the Cryptophyceae has 
been done in an attempt to discover ultrastructural and 
biochemical features that could serve as taxonomic characters. 
It has been suggested that characters such as periplast plate 
patterns (Gantt 1971; Faust 1974; Santore 1977), flagellar 
length and hair ornamentation on the flagella (Hibberd et al. 
1971), cell surface hairs (Santore 1977), mitotic and cyto-
kinetic sequences (Gantt 1980) , mitochondria (Santore & 
Greenwood 1977) and pigmentation (Gantt 1980) may be of 
use in the delimitation of taxa. However, little attention has 
been paid to the problem of variation within taxa at the 
ultrastructural level. If ultrastructural features are to be used 
meaningfully in a taxonomic revision of the class, it is 
important to establish the stability (or plasticity) of these 
characters. 
The objectives of this paper are to describe a new species 
of the genus Chroomonas using light, scanning and trans-
mission electron microscopy; to discuss some of the mor-
phological variation that occurs in the ultrastructure of this 
species; and to compare this species with previously described 
eyes pot -containing cryptomonads. 
The strain used in this investigation was isolated from a 
water sample collected in 1976 by Dr R. Norris from a tidal 
pool (salinity 32%o) in the Yzerfontein region of the Cape 
Province, Republic of South Africa. In liquid culture it exists 
mainly as large irregular clumps of non-motile cells which 
are embedded in mucilage. Butcher (1967) described this 
form of morphology as 'phaeoplaca'. The Yzerfontein isolate 
is of particular interest because of its remarkable ability to 
survive sudden and drastic changes in environmental con-
ditions e.g. transfer from sea water (salinity 35%o) to fresh 
water. Changes in salinity and exposure to darkness from 
24-48 h often results in the non-motile cells breaking out of 
their mucilaginous sheaths and becoming motile. In this 
report the ultrastructure of the non-motile and motile cells is 
compared. 
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According to the scheme proposed by Butcher (1967) the 
isolate described in this investigation is a member of the 
genus Chroomonas Hansgirg because it possesses two rows 
of large ejectosomes which line the vestibular region 
(depression-furrow-gullet system) . However, contrary to 
Butcher's description of the genus which maintains that the 
furrow is well developed and the gullet rudimentary, scanning 
and transmission electron microscopy have shown that the 
'furrow' in this species is absent and the 'gullet' is branched. 
It must be mentioned, however, that Butcher's descriptions 
were based on light microscope features and the branched 
'gullet' is not distinguishable with the light microscope. In 
fact, because the features are so indistinct and often in-
consistent when viewed with the light microscope, this taxon 
can be keyed out as Chroomonas mesostigmatica Butcher or 
Chroomonas placoidea Butcher (Butcher 1967). When the 
ultrastructure of these three taxa is compared several 
differences are observed. This emphasizes the need to 
consider the ultrastructural features in future taxonomic 
descriptions. 
The branched vestibular region appears to be one of the 
features that this species has in common with other eyespot-
containing Chroomonas species that have been investigated 
at the ultrastructural level. These include Chroomonas 
mesostigmatica (Dodge 1969), Chroomonas sp. (Gantt 1971; 
Faust & Gantt 1973) and the freshwater strain Chroomonas 
sp. 978/2 CCAP (Santore 1982). However, most of the other 
features listed by Santore (1982) as being common to the 
eyespot-containing Chroomonas species are not found in 
this species. Because these include major features such as 
periplast and flagellar characters, this probably overrules 
Santore's suggestion (1982) that all eyespot-containing 
Chroomonas species are all forms of the same ubiquitous 
species. This isolate has consequently been described as a 
new species. 
Formal taxonomic diagnosis 
Chroomonas africana Meyer et Pienaar, sp. nov. 
Coloniae palmelloideae in culturis abundantes; cellulis non-
mobilibus forma variis ; cellulis mobilibus, lateribus concavus 
postice rotundatis; cellulis mobilibus 6-8 ,urn x 4-5 ,urn; 
cellulis non-mobilibus statura variis. Periplasto oblique 
striato per microscopium lucis viso; lamella periplasti in ±20 
seriebus longitudinalibus disposita; statura lamellae peri-
plasti ad finen anteriorem crescente, maxima 0,6 X 0,5 ,urn, 
minima 0,2 x 0,15 ,urn; partibus lamellae periplast a 
plasmalemmate distinguere difficilibus. 
Flagellis duobus, subaequalibus, heterodynamicis, cellulae 
fere aequilongis, ambo bus pleuronematicis, flagella longiore 
(7 -10 ,urn) duabus seribus tubulosorum mastigonematorum, 
flagella breviore (4-7 ,urn) una serie tubulosorum mastigo-
nematorum caespite basali; flagellis basi vestibuli insertis; 
vestibula ramoso, principali ramo axem longitudinalem 
transiecto, longitudine variabili , vestibula in cellulis non-
mobilibus per to tam longitudinem cellulae extenso; vestibula 
in cellulis mobilibus a depressione non alta ad longitudinem 
1/2 cellulae variante; surramo obliquo (aut 90°) ejecto-
somatibus inconspicuis in duabus seriebus limitato, 5-6 
trichocystibus in quaque serie. Chromatophoro parietali, 
unico, duobus !obis verticalibus marginibus levibus, smarag-
dino in culturis vitalibus et primulinus in culturis vetustis; 
phycocyanin 645; pyrenoid variis , immersus partialis vel 
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multistipitata amyli vagina et connectente duoslobos chloro-
plasti; stigmate plerumque distincto, rubro et in calcari 
chloroplasti posito. Duobus corporibus refractivis prope 
stigma dispositis. Vacuola contractili antice posita, praesente 
in aqua dulci, in aqua marina absente (35%o). 
Typus isolatus a Professor R.N. Pienaar ab aqua marina 
collecta ad Yzerfontein, Cape Province, R.S.A . 
Holotypus: Figure 3c. 
Palmelloid colonies abundant under culture conditions. 
Non-motile cells variable in shape; motile cells with concave 
sides rounded posteriorly. Non-motile cells variable in size; 
motile cells 6-8 x 4-5 ,urn. Periplast with oblique striations 
when seen with the light microscope. Periplast plate areas in 
±20 longitudinal rows. Periplast plate area size increases 
towards the posterior end, largest plate area 0,6 x 0,5 ,urn, 
smallest plate areas 0,2 x 0,15 ,urn. Components of the 
periplast plate areas are difficult to distinguish from the 
plasma membrane. Flagella two, subequal, heterodynamic, 
about the length of the cell, the longer (7 -10 ,urn) with two 
rows of tubular hairs, the shorter ( 4-7 ,urn) with one row of 
tubular hairs with a basal tuft . Flagellar insertion at the base 
of the vestibular region . Vestibular region branched, main 
branch lies along the longitudinal axis and varies in length; in 
non-motile cells it extends the entire length of the cell, in 
motile cells it varies from being a shallow depression to 
extending to half the cell length. Sub-branch oblique (or at 
90°) lined with two rows of inconspicuous ejectosomes, each 
with 5-6 ejectosomes. Chromatophore parietal, single with 
two vertical lobes with smooth margins, dark blue-green in 
colour in actively growing cultures, pale yellow-green in 
ageing cultures ; phycocyanin 645 . Pyrenoid variable, partially 
immersed or multiple stalked , with a starch sheath and 
connecting the two lobes of the chloroplast. Stigma usually 
conspicuous, red and in a spur of the chloroplast. Two 
refractive bodies near stigma. Contractile vacuole anteriorly 
situated, present in fresh water, absent in sea water (35%o). 
Isolated by Professor R.N . Pienaar from sea water col-
lected at Yzerfontein, Cape Province, R.S.A. Type culture 
No . CYl. 
Holotype: Figure 3c. 
List of abbreviations used in the figures 
bt - basal tuft 
CHL or Chi - chloroplast 
CV - contractile vacuole 
D - dictyosome 
E - large ejectosome 
e - small ejectosome 
es - eyespot 
f - flagella 
fb - flagellar base 
fm - fibrillar mucilage 
he - horizontal cleft 
Ly -lysosome 
M - mitochondrion 
Nu -nucleus 
nm - nucleomorph 
p - pyrenoid 
pa - periplast plate area 
pi - plasma membrane 








- tubular hairs 
-vesicle 
- vestibular main branch 
- vestibular sub-branch 
Materials and Methods 
Chroomonas africana cultures have been maintained in the 
Department of Botany, University of Natal, Pietermaritz-
burg. The organisms were routinely grown in ES Provasoli 
(McLachlan 1973) or Carolina Algal-Gro enriched sea 
water. Organisms grown in fresh water were maintained in 
Bolds Basal medium (Bold & Wynne 1978) or Carolina 
Algal-Gro medium. Cultures were maintained in 16L:8D 
cycle at 20°C and the light intensities used were 25 and 50 
11E m- 2 s- 1. 
The phycobiliprotein was extracted by alternately freezing 
and thawing cells (at 4°C) in 0,05 M phosphate buffer for 
3-5 days (Siegelman & Kycia 1978). A small quantity of 
uncooked egg white (i.e. 0,1 ml to 10 ml phosphate buffer) 
was added to disrupt the cells. The absorption peaks were 
determined using a Varian DMS 90 UV-Visible Spectro-
photometer scanning from 750 nm to 480 nm. 
Observations made on living cells were carried out using a 
Zeiss Photomicroscope equipped with phase contrast and 
microflash attachments. 
Severe difficulties were experienced obtaining information 
about the external morphology of the periplast using the 
scanning electron microscope. Several techniques were 
attempted to remove fibrillar mucilage which surrounds 
both motile and non-motile cells. Treating osmium tetroxide 
fixed cells (1% osmium tetroxide for 30-60 min at room 
temperature) with a cold treatment of 0,1 N sodium 
hydroxide (modified from Pickett-Heaps 1980) yielded 
limited information. The most successful results were ob-
tained using the enzyme /)-glucuronidase where the cells 
were fixed in 1% glutaraldehyde (in 0,075 M phosphate 
buffer pH 6,8) for 1 h, given two washes in 0,075 M 
phosphate buffer for 15 min each and then incubated in 
/)-glucuronidase (400 units/ ml in 0,075 M phosphate buffer 
pH 6,8) at 35°C for 20 min. (Horiguchi, T. 1981. University 
of Tsukuba, Institute of Biological Sciences, Sakura-mura, 
Ibaraki , 305, Japan- pers. comm.) This was followed by 
two washes in 0,075 M phosphate buffer for 15 min. The 
cells were post-fixed in 2% osmium tetroxide (made up with 
distilled water) for 10 min at 35°C, washed twice in buffer 
and then slowly dehydrated at ooc using filtered acetone 
solutions (10% , 25%, 50%, 75% and 100%) added dropwise 
over 5-10 min . Four changes of absolute acetone were given 
to complete the dehydration; the cells were then critical-
point dried, attached to a stub and then omni-directionally 
shadowed with gold using a Polaron sputter-coating unit . 
The cells were viewed with a Jeol JSM T200 scanning 
electron microscope (accelerating voltage 25 kV). 
Motile cells prepared for shadowing were pipetted onto 
formvar-coated copper-viewing grids and exposed to osmium 
tetroxide vapour for 1 min. They were allowed to settle for 
10 min and excess water was drawn off using dental 
absorbent points. The grids were then given two washes with 
distilled water. Specimens were coated under vacuum with 
gold-palladium at an angle of 30-40 degrees using a Hitachi 
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type US 3B Vacuum evaporator apparatus. 
Cells from 4-8-day-old cultures were prepared for ultra-
microtomy. Motile cells were given a preliminary treatment 
of 0,1% glutaraldehyde in 0,1 M sodium cacodylate buffer 
(pH 7) for 1 h to prevent discharge of ejectosomes and 
membrane breakage. These cells were concentrated into a 
pellet by low speed centrifugation. The cells were then 
further fixed in 1-2% glutaraldehyde in 0,1 M sodium 
cacodylate buffer (pH 7,4). In cells grown in sea water 
(35%o) the buffer was osmotically balanced with 0,4 M 
sucrose. Fixation time varied between 1-2 h at 4 oc. Three 
washes were given in 0,1 M sodium cacodylate buffer for 
15-30 min each. Marine cultures were washed in buffer 
containing a graded series of sucrose concentrations. This 
was followed by two washes in 0,1 M sodium cacodylate. 
Cells were then post-fixed in 2% osmium tetroxide solution 
made up in 0,1 M sodium cacodylate (pH 7) for 1-2 hat 4°C. 
Two buffer washes were given followed by dehydration in a 
graded series of ethanol. Cells were embedded in Spurr's 
resin (Spurr 1969) and polymerized in an oven for 10-14 hat 
70°C. 
The standard Gomori procedure (Gomori 1952) used for 
the histochemical localization of acid phosphatases was 
slightly modified according to recommendations by Trelease 
(1980). Four-day-old cultures (with prominent refractive 
bodies) were harvested, fixed in 1% glutaraldehyde buffered 
in 0,05 M sodium acetate buffer (pH 7 ,2) for 1 h. The cells 
were washed in sodium acetate buffer with declining pH's 
and then incubated in the Gomori medium at 37°C for 1 h. 
They were washed again to raise the pH to 7,2 and were 
then post-fixed in 2% osmium tetroxide for 1 h. Dehydration 
and embedding were as previously described. Controls were 
run simultaneously, (i) without the substrate sodium-f)-
glycerophosphate, (ii) adding an enzyme inhibitor, 0,42% 
sodium fluoride, to the reaction medium and (iii) heating the 
cells before incubation. 
Sections were cut on an LKB ultratome III using glass 
knives. The sections were stained with 2% uranyl acetate 
and Reynold's lead citrate . 
Prepared specimens were viewed with an Hitachi HU II 
E 1 1 (accelerated voltage 50 kV) and a Jeol JEM 100 CX 




Exponentially growing cultures of Chroomonas africana are 
a deep blue-green colour, but fade to lime-green, and after 
several months become yellow-green. 
The phycobiliprotein extracted from exponentially growing 
cultures is pale blue in colour and exhibits two peaks of 
maximum light absorption, one at 583 nm and one at 645 nm 
(Figure 1). The absorption maxima at 583 nm and 645 nm 
correspond to those of cryptomonad 645 (Siegelman & 
Kycia 1978). 
External morphology and ultrastructure 
The light microscope features and the ultrastructure of the 
non-motile cells have been diagrammatically represented in 
Figures 2a, 2b & 2c and those of the motile cells in Figures 
3a, b, c & d. The motile cells are 6-9 11m in length and have a 
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Figure 1 Absorption spectrum of the phycocyanin extracted from 
Chroomonas africana sp. nov. showing the two peaks of maximum 
light absorption at 583 nm and 645 nm. 
maximum width of 4-5 ,urn. In lateral view they appear 
ovate (Figure 3b) and in dorsal or ventral view they have 
anteriorly concave sides and a rounded posterior end 
(Figure 3a). The motile stage under laboratory conditions is 
of short duration. 
Several hours after emergence the motile cells become 
surrounded by mucilage and settle out or float at the air-
water interface. The nature and extent of the mucilage 
depends on environmental conditions. It has a soft con-
sistency and its limits are often not clearly defined. Individual 
cells are commonly surrounded by a diffuse mucilaginous 
sheath although as many as four cells may be included in the 
same sheath. The non-motile cells vary considerably in shape 
(Figures 2a & 4) and in dense colonies become distorted to 
fit between adjacent cells. The mucilage stains positively 
with neutral red (Figure 6), ruthenium red (Figure 7) , 
methylene blue, brilliant Cresyl blue and even with iodine. 
It has been established that the fibrillar mucilage surrounding 
2a ~rb 
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the cells of Cryptophyceae is Golgi-derived (Santore 1978) 
and in C. africana this is confirmed by the fact that the 
fibrillar material in the Golgi cisternae and its associated 
vesicles, the contractile vacuole and the vestibular region , 
is similar to that surrounding the cell. 
The two unequal flagella emerge subapically from the 
narrow circular opening of the vestibular region. The lengths 
of the emergent portions of the flagella differ in motile and 
non-motile cells. In non-motile cells the flagella are often 
obscured by mucilage, but when visible are less than a 
quarter the length of the cell . In motile cells the shorter 
flagellum is approximately the same length as the cell (7 
,urn) , and the longer flagellum is approximately 10 ,urn. 
Shadowed material (Figure 9) shows that the flagella taper 
at their tips. 
The longer flagellum bears two diametrically opposite 
longitudinal rows of hairs spaced at regular intervals of ca. 
270 nm. The hairs consist of a tubular proximal part ca. 2,0 
,urn in length and a non-tubular distal filament ca. 1 ,urn in 
length. 
The shorter flagellum has a single row of hairs ca. 150 nm 
apart with a tubular proximal part ca. 1 ,urn in length and a 
non-tubular distal filament ca. 1,um in length. It bears a tuft 
of hairs on a lateral platform of the flagellar shaft ca. 500 nm 
from the point of flagellar insertion (Figures 8, 9 & 10). The 
flagella are inserted at the base of the vestibular region and 
positioned so that the shorter flagellum emerges towards the 
ventral side (Figure 10). The vestibular region of this species 
is branched (Figure 11) and there is no furrow. Following 
the recommendations of Gantt (1980) the term 'gullet' is 
avoided and the term vestibular main branch is used to 
describe the part of the vestibular region which lies along the 
longitudinal axis of the cell. The flagella are inserted at the 
base. The term vestibular sub-branch is used to describe the 
Figures 2a- c Diagrammatic reconstruction of non-motile cells of Chroomonas africana sp. nov. (a) Light microscope observations of two non-
motile cells. (b) A longitudinal section of a non-motile cell as seen with the electron microscope. The large arrows indicate the plane of section 2c. 
(c) A transverse section of a non-motile cell as seen with the transmission electron microscope. 
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Figures 3a-d Diagrammatic reconstruction of motile cells of Chroomonas africana sp. nov. (a) Light microscope observations of a motile cell in 
dorsal view. (b) Light microscope observations of a motile cell in lateral view. (c) A longitudinal section of a motile cell as seen with the 
transmission electron microscope. The large arrows indicate the plane of section 3d. (d) A transverse section of a motile cell as seen with the 
transmission electron microscope. 
part of the vestibular region that branches off the main 
branch obliquely (or at right angles) in the anterior region 
and lies across the short axis of the cell. The vestibular sub-
branch is lined with large ejectosomes (Figures 11, 14 & 18). 
The length of the vestibular main branch differs significantly 
in the motile and non-motile cells. In non-motile cells it 
extends the entire length of the cell so that flagellar insertion 
occurs towards the posterior region of the cell (Figures 11 & 
12), while in motile cells it varies between being a shallow 
depression (Figures 15 & 16) and sometimes extending 
down to half the length of the cell. This is confirmed by 
shadowed motile cells in which the tuft of tubular hairs, close 
to the point of flagellar insertion, is sometimes but not 
always visible (Figure 16). 
The fact that the cell shape varies considerably implies 
that the periplast lends a certain flexibility to the cells. 
Compression of the motile cells with a glass coverslip for 
several hours may result in a series of striations becoming 
visible with the light microscope. This striated effect is a 
result of the arrangement of the periplast plate areas. 
The details of the periplast plate pattern are obscured by 
ensheathing mucilage, even in the motile cells (Figure 19), 
but in the cells treated with the enzyme /3-glucuronidase, the 
external morphology of the cells was clearly visible with the 
scanning electron microscope (Figures 20, 21 , 22 & 23). The 
plate areas are rectangular in shape and are arranged in 
longitudinal rows each with 12- 16 plate areas between the 
anterior and posterior ends (Figure 21). Some variation in 
this arrangement was observed (Figure 23). The plate areas 
vary in dimension along the length of the cell. In the 
posterior region they are ± 0,6 .urn (length) and ± 0,5 .urn 
(width) and decrease in size anteriorly to± 0,2 .urn (length) 
and ± 0,15 .urn (width). In lateral view ± 10 longitudinal 
rows are visible , but they do not appear to converge 
posteriorly on a 'raphe-like' structure (Figure 22) as reported 
in Chroomonas sp. (Gantt 1971). It appears that some rows 
may terminate before reaching the posterior end and this 
would result in the rounded posterior end (Figure 23). The 
plate areas in each row are separated from each other by 
prominent horizontal clefts (lateral grooves) (Figure 24) and 
the plate areas in adjacent rows are staggered in relation to 
each other, resulting in a 'weaved' appearance. 
Ultrathin sections viewed with the transmission electron 
microscope show that the plasma membrane forms a 
continuous boundary of the cell. The plate areas in this 
species are extremely thin in section(± 2,5 nm) and adhere 
closely to the inner surface of the plasma membrane (Figure 
25). The outer component reported in other Chroomonas 
species (Gantt 1980) does not appear to be present. The 
outer surface is surrounded by a fibrillar mucilage which 
varies in thickness and texture. This is particularly prominent 
in non-motile cells (Figures 6, 7, 11, 12, 13, 14 & 25). 
The two types of ejectosomes which occur in this species 
are typical of those which occur in other representatives of 
the class. There are two rows oflarge ejectosomes which line 
the vestibular sub-branch (Figures 14 & 18). The maximum 
number observed was six in each row, but five are most 
frequently observed in ultrathin sections. They are indistinct 
at the light microscope level. The smaller ejectosomes are 
located in membrane-bound vesicles that border on the 
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plasma membrane. The periplast is not reinforced with plate 
areas in this region. Oblique sections of the periplast 
indicate that the small ejectosomes are located beneath 
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anterior comers of the periplast plate areas and open into 
the horizontal clefts (Figures 24 & 25). They are not visible 
in cell surfaces viewed with the scanning electron micro-
Figures 4-10 (4) A light micrograph of non-motile cells of C. africana. x 750. (5) A light micrograph of a motile cell (compressed under a 
coverslip). x 1800. (6) Mucilage casings of non-motile cells stained with neutral red. x 1250. (7) Non-motile cells embedded in mucilage and 
stained with ruthenium red. x 1 480. (8) A shadow-cast motile cell illustrating the sorter flagellum with the basal tuft of tubular hairs (arrow). 
(9) A shadow-cast motile cell illustrating the tubular hairs on the two flagella and the basal tuft of tubular hairs (arrow). (10) A longitudinal section 
of a non-motile cell to show the basal tuft of tubular mastigonemes (arrow) on the flagellum positioned towards the ventral surface. 
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scope. 
The cells have a single chloroplast with two vertical lobes 
which occupy at least two-thirds of the periphery of the cell. 
One pyrenoid is present, but it is not always distinct when 
the cells are viewed with the light microscope. An intra-
plastidial eyespot occupies a central position in the cell. It is 
conspicuous in cells which have been grown in low light 
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intensities and cells which have been kept in the dark. 
The ultrastructure of the chloroplast and its associated 
structures is illustrated in Figures 26 & 28. The chloroplast, 
starch grains, nucleomorph and cytoplasm are contained 
within the chloroplast endoplasmic reticulum (chloroplast 
ER) and this region of the cell is referred to as the 
periplastidal compartment. The outer membrane of the 
Figures 11-14 (11) A longitudinal section of a non-motile cell of C. africana grown in sea water to show the branched vestibular region (Vb1 and 
Vb2). (12) A longitudinal section of a non-motile cell of C. africana grown in sea water to show the flagellar insertion (fb) at the base of the 
vestibular main branch (Vb 1) at the posterior end of the cell . (13) A transverse section of a non-motile cell of C. africana grown in sea water to show 
the pyrenoid (P) connecting the two lobes of the chloroplast (Chi). (14) An oblique longitudinal section of a non-motile cell grown in sea water to 
show the large ejectosomes (E) lining the vestibular sub-branch (Vb2) . 
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Figures 15-18 (15) A longitudinal section of a motile cell of C. africana grown in fresh water (see list of abbreviations). (16) A longitudinal section 
of a motile cell grown in fresh water to show the flagellar insertion (fb) in a shallow depression at the anterior end of the cell. Note the basal tuft of 
tubular mastigonemes (arrow). (17) A transverse section of a motile cell of C. africana grown in fresh water to show the partially immersed pyrenoid 
(P). (18) An oblique longitudinal section of a motile cell grown in fresh water to show the two rows of large ejectosomes (E) and lysosomes (Ly). 
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chloroplast ER is continuous with the outer membrane 
of the nucleus. This membrane has ribosomes on its 
outer surface except where it surrounds the nucleus. The 
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chloroplast, pyrenoid and eyespot are included within the 
chloroplast envelope. 
The chloroplast contains several lamellae which generally 
Figures 19-25 (19) A scanning electron micrograph of a motile cell of C. africana (untreated) with mucilage obscuring the periplast. 
(20) A scanning electron micrograph of a motile cell (treated with 0,1 N sodium hydroxide to remove the mucilage) to show the circular opening of 
the vestibular region at the anterior end with the emergent flagella. (21) A scanning electron micrograph of an enzyme-treated cell to show the 
typical arrangement of the periplast plate areas. (22) A scanning electron micrograph of a motile cell (treated with 0,1 N sodium hydroxide to 
remove the mucilage) to show the posterior end of the cell. Note that the longitudinal rows do not converge to a 'raphe'. (23) A scanning electron 
micrograph of an enzyme-treated motile cell to show the irregular periplast plate area arrangement sometimes observed. (24) A glancing section of 
a cell to show, that the periplast consists of a thin plate area that lines the inner surface of the plasma membrane (arrow) , the small ejectosomes (e) 
which lie at the anterior corners of the plate areas, the horizontal clefts (he) and the fibrillar mucilage (fm) . (25) A longitudinal section of a cell to 
show the periplast. A thin plate area (pa) appears to line the inner surface of the plasma membrane (pi). 









Figures 26-28 (26) A longitudinal section of a cell of C. africana grown in sea water under low light conditions to show the details of the 
chloroplast (Chi), pyrenoid (P), spur of the chloroplast with the eyespot ( es), nucleomorph ( nm), vesicles ( v) associated with eyespot, chloroplast 
endoplasmic reticulum (1) and chloroplast envelope (2). (27) A light micrograph of non-motile cells grown in fresh water. Note the contractile 
vacuole (CV). x 750. (28) A longitudinal section of a cell grown in fresh water under high light conditions (75 fLEm - 2 s-1) to show eyespot (es), 
with the associated vesicles (v) and partially immersed pyrenoid (P). 
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lie parallel with the cell boundary. Each lamella is made up 
of two loosely paired thylakoids separated by a narrow clear 
space of± 5 nm. Thylakoids in groups of three or more are 
occasionally found. The intrathylakoidal spaces have a 
width of ± 20 nm and contain a granular electron dense 
material. This stroma of the chloroplast consists of a fine 
granular material and a few scattered lipid globules. 
. The organization and location of the eyespot depends on 
the culture conditions. In cells maintained in high light 
intensities the eyespot is often poorly developed. Ultrathin 
sections show that carotene-containing globules are im-
mersed within the stroma of the chloroplast (Figures 15 & 
28). In cells preparing to divide carotene globules are 
sometimes observed lying along the inner margin of a 
partially immersed pyrenoid (Meyer & Pienaar 1984). 
When cells are grown in low light intensities the eyespot is 
usually prominent. It is located in a spur of the chloroplast 
that branches off the pyrenoid (Figure 26). A single layer of 
pigment-containing globules lies in several rows along the 
blunt-ended margin in the chloroplast spur. They are± 110 
nm in diameter and as many as 25 have been counted in one 
cell. 
The nucleomorph shows a close association with the 
chloroplast spur. It is oval to pyriform in shape, is bounded 
by a double unit membrane and often has a large pore at its 
narrow end. It possesses a central area of denser material 
which occupies approximately a quarter of the total area of 
the nucleomorph. The dense globules reported in the 
nucleomorphs of other species (Gillott & Gibbs 1980) are 
seldom observed. A dense microbody is often observed in 
the cytoplasm adjacent to the nucleomorph but outside the 
'periplastidal compartment (Figure 26). 
The pyrenoid is variable. In cells grown in marine media it 
is commonly elongate and multiple-stalked so that it links 
the two vertical lobes of the chloroplast. The homogeneous 
matrix of the pyrenoid is usually traversed by a single pair of 
thylakoids. A stalk of the pyrenoid generally connects with 
the chloroplast spur containing the eyespot (Figures 11 & 
26). The pyrenoid is surrounded by the chloroplast envelope 
and external to this are starch grains which cap the pyrenoid. 
In motile cells and cells grown in fresh water the pyrenoid is 
often partially immersed and has a single starch cap (Figures 
15, 17 & 28). . 
It is difficult, even with the aid of biological stains, to 
distinguish between the starch grains, the lipid bodies and 
the lysosomes using the light microscope. Iodine does not 
appear to stain the starch grains and neutral red sometimes 
stains the highly refractive bodies that occur in a central 
position adjacent to the eyespot. This response suggests a 
lysosome-like function and this was further investigated 
using the Gomori test for the localization of acid phos-
phatases. Electron dense deposits of lead phosphate were 
detected in spherical vesicles in the proximity of the eyespot 
(and also in the chloroplast stroma and vestibular region) 
(Figure 29). This indicates that acid phosphatases are 
present in these vesicles and this provides evidence of a 
lysosome-like function. Simultaneous controls run with the 
addition of the inhibitor 0,42% sodium fluoride, showed no 
evidence of these deposits (Figure 30). 
Lipid accumulation occurs in old cells, and lysosome-like 
vesicles containing lipoidal material were observed in the 
motile cells (Figures 18 & 32). These were first observed in 
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motile cells viewed with the electron microscope and in an 
attempt to identify this material living cells were stained with 
Sudan III, IV and Sudan Black and viewed with the light 
microscope. Large areas of the motile cells stained positively 
with Sudan Black but not with Sudan III or Sudan IV. This 
suggests that the cells accumulate phospholipid which is then 
metabolized by the cells when it is required (for instance, 
when the cells become motile) . 
The structure of the nucleus is typical of eukaryotic nuclei 
found in other algal classes. It possesses a distinct nucleolus 
and several densely staining areas of chromatin. 
The form of the mitochondrion seems to depend on the 
activity of the cell and varies in the motile and non-motile 
cells. In non-motile cells the mitochondrion consists of a 
central and peripheral network of interconnecting branches. 
These ramify throughout the cytoplasm and lie adjacent to 
the small and large ejectosomes, the vestibular region and 
the anterior vesiculate region of the cell (Figures 11, 14 & 
31). Profiles of this organelle show a wide range of diameters. 
However the mitochondrial system in the motile cells is 
much more prominent than that in the non-motile cells. In 
motile cells the anterior region, in particular, has many large 
mitochondrial profiles of a similar diameter (Figures 18 
&32). 
The highly vesiculate region at the anterior end of the cells 
of C. africana grown in sea water is similar to that observed 
in most marine representatives of the Cryptophyceae (Figure 
31). In cells grown in fresh water a large contractile vacuole 
is evident with the light microscope (Figure 27). The electron 
microscope shows that the contractile vacuole is a large 
vesicle bounded by a single unit membrane and surrounded 
by similar but much smaller vesicles (Figures 15, 16, 18 & 
28). In cells grown in marine media (salinity 35%o) the 
contractile vacuole is absent and the small vesicles occupy a 
considerably reduced area of the cell. The presence of 
fibrillar mucilage in the small vesicles and in the contractile 
vacuole suggests that the vesiculate region plays a role in 
discharging the fibrillar mucilage. In interphase cells the 
Golgi apparatus consists of a single dictyosome with 12- 15 
cisternae. 
Discussion 
One of the most interesting observations made during this 
investigation was the difference between the length of the 
vestibular region in the motile and non-motile cells of 
Chroomonas africana. When one considers that Butcher 
(1967) regarded the nature and complexity of the vestibular 
region to be the 'only sound basis for primary classification', 
the taxonomic implications of this observation are particularly 
significant. In his proposed scheme Butcher delimited both 
families and genera on the 'nature of the depression-furrow-
gullet system'. This practice has met with criticism in the 
past, but the discussion has centred on the fact that in many 
of the smaller Cryptophyceae this character cannot be 
clearly distinguished with the light microscope. To date 
there has been no evidence to suggest that this feature was 
not consistent and taxonomically reliable. 
Gantt (1980) suggests that flagellar length may be a useful 
taxonomic character. In Chroomonas africana the flagellar 
length (i.e. emergent portion) is significantly different in 
non-motile and motile cells. This relates directly to the fact 
that flagellar insertion is at the base of the vestibular main 
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branch, the length of which varies considerably. These 
observations indicate that the true flagellar length in Chroo-
monas africana is impossible to measure with the light 
microscope and in this species would not be a reliable 
taxonomic criterion. 
In C. africana there are two rows of hairs on one flagellum 
and one row on the other and the length, structure and 
... :!J!m 
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arrangement of the tubular hairs closely resemble those 
described for Cryptomonas ovata (Hibberd et al. 1971). 
Shadowed cells of Chroomonas diplococca Butcher (illus-
trated in Butcher 1967) exhibit similar flagellar characters. 
However, two additional types of hair arrangement have 
been observed in stigma-containing Chroomonas species; 
Chroomonas sp. (987/2) has been reported with tubular 
r 
Figures 29-32 (29) A transverse section through a cell of C. africana showing a positive Gomori reaction. Lead phosphate deposits are evident in 
the vestibular region (Vb) and in the vesicles (V) associated with the eyespot (es). (30) A section through two cells incubated in a Gomori control 
medium with the inhibitor 0,42% sodium fluoride. No lead deposits are evident in the vesicles (V) associated with the eyespot (es) or in the 
vestibular region (Vb). (31) A transverse section of a non-motile cell showing the branching reticulum of the mitochondrial system (M). 
(32) A transverse section of a motile cell showing the profiles of the mitochondrion (M) . The diffuse osmiophilic material, present in large vesicles 
with poorly defined boundaries (Ly), is typical of motile cells. 
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hairs on the longer flagellum only (Hibberd et al. 1971) and 
C. placoidea appears to have hairs only on the shorter 
flagellum (Meyer 1981). It seems unlikely from this recent 
evidence that the stigma-containing Chroomonas species 
can be separated from Chroomonas salina (or Cryptomonas 
strains) on the basis of hair ornamentation, as proposed by 
Santore (1982). Another interesting variation exhibited by 
C. africana is that the basal tuft of hairs appears to be borne 
on the short flagellum with the single row of hairs and not on 
the flagellum with the bilateral array of hairs as reported in 
other representatives of the class (Santore 1982). Hibberd 
et al. (1971) suggested that the arrangement of tubular hairs 
may emerge as a useful taxonomic criterion. This investigation 
suggests that there is a considerable overlap between genera, 
but this character may serve as a means of separating species 
within genera. 
When viewed with the scanning electron microscope the 
external micromorphology of C. africana clearly resembles 
that of other Chroomonas species such as Chroomonas sp. 
Pringsheim 978/2 (Santore 1977). Santore (1977) refers to 
Chroomonas species with relatively large and rectangular 
plate areas as 'mesostigmatica-like' in comparison with 
Chroomonas salina which has smaller, rectangular plate 
areas. The plate areas in C. africana show an increase in size 
towards the posterior end, whereas in Chroomonas sp. 978/2 
the plate areas appear to be similar in size throughout the 
length of the cell (Santore 1977). The number of periplast 
plate areas per cell in different taxa also varies. In Chroo-
monas sp. 978/2 the longitudinal rows are usually made up of 
eight components (Santore 1982) and in C. africana it is 
close to double that, i.e. 12- 16 plate areas. C. africana 
has approximately 20 longitudinal rows whereas Chroomonas 
placoidea has approximately 24 (Meyer 1981) and Chroo-
monas sp. 978/2 has approximately 14. A Chroomonas sp. 
investigated by Gantt (1971) exhibited periplast plate area 
architecture similar to Chroomonas sp. 978/2; 15 longi-
tudinal rows each with 5-6 components. From the micro-
graphs of C. mesostigmatica (Dodge 1969), it appears that 
the structure of the periplast is very similar to Chroomonas 
sp. 978/2 (Hibberd et al. 1971; Santore 1982) and the 
Chroomonas species investigated by Gantt (1971). However, 
in Chroomonas 97812 (Santore 1982) and Chroomonas sp. 
(Gantt 1971) the plates converge onto a common 'raphe' at 
the posterior end. This feature was not observed in C. 
africana. 
Santore & Greenwood (1977) suggested that the form and 
complexity of the mitochondrion could be used as a taxo-
nomic criterion to rationally separate the Cryptophyceae at 
the generic level. However, in Chroomonas africana the 
evidence suggests that the form of the mitochondrion 
depends on the metabolic state of the cell. The appearance 
of mitochondrial profiles in the motile and non-motile cells 
of Chroomonas africana is very different. Serial sections 
indicate that the mitochondrial system of the motile cells 
resembles the 'vermiform' mitochondria observed in Hemi-
selmis rufescens Parke (Santore & Greenwood 1977) rather 
than the branching mitochondrial reticulum in the non-
motile cells which resemble those described in Chroomonas 
sp. 978/2 (Santore & Greenwood 1977). The results of this 
investigation indicate that the form of the mitochondrion 
may be variable and should be treated with caution if used as 
a taxonomic character. 
S.-Afr. Tydskr. Plantk ., 1984, 3(5) 
Active contractile vacuoles occur in the anterior region of 
cells of C. africana grown in fresh water whereas there is no 
contractile vacuole in the cells grown in marine media. An 
interesting difference between C. africana and C. placoidea 
is that C. placoidea possesses an active contractile vacuole in 
marine media (Meyer 1981). (This feature of C. placoidea is 
not included in the original type description (Butcher 1967) 
and is difficult to discern with the light microscope unless the 
motile cells are left to flatten on a microscope slide for 
12-24 h.) The presence of a contractile vacuole is confirmed 
in sectioned material viewed with the transmission electron 
microscope. Butcher (1967) used the presence or absence of 
a contractile vacuole to delimit species. The results of the 
investigations on C. africana and C. placoidea indicate that 
this character might be of taxonomic value, but only when 
used in combination with the salinity of the aquatic en-
vironment in which the cells are growing. 
Conclusion 
The Yzerfontein isolate can be delimited from Chroomonas 
mesostigmatica (Dodge 1969), Chroomonas sp. (Gantt 1971; 
Faust & Gantt 1973), Chroomonas sp. 978/2 CCAP (Santore 
1982) and Chroomonas placoidea (Meyer 1981) on the basis 
of flagellar and periplast characters. Other features , probably 
taxonomically less significant, such as the length of the 
vestibular main branch, contractile vacuoles and the micro-
anatomy of the nucleomorph, can also be used. However, 
extensive electron microscopy on many more species needs 
to be completed before the reliability of the ultrastructural 
features as taxonomic characters for the Cryptophyceae can 
be ascertained. This investigation has shown that the form of 
the mitochondrial system, the pyrenoid, the eyespot and the 
length of the emergent part of the flagellum are extremely 
variable and depend on the physiological condition of the 
cells. The results of this investigation emphasize the need to 
compare species grown in identical conditions and observed 
while growing in the exponential phase, and also suggest 
that any taxonomic revision of the class should be based on 
the features observed in motile cells. 
The inevitable question that taxonomists face is whether 
or not species epithets can be meaningfully applied to the 
Cryptophyceae. Current workers seem to be of the opinion 
that there are many different forms of the same species 
(Santore 1982) and it has become common practice to refer 
to strains in culture by number rather than name. Because 
the Yzerfontein isolate can be delineated from other similar 
taxa on the basis of features which are probably genetically 
stable, we feel justified in proposing that this taxon be 
granted species status. 
Finally this study has accentuated the fact that considerable 
overlap of characters occurs within the class and it seems 
unwise at this stage, when so little detailed information on 
the ultrastructure of individual taxa is available, to attempt 
to revise the taxonomy. 
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